Spiroplasma strain CN-ST (T = type strain), isolated from the gut of the cetoniine scarabaeid beetle Cotinus nitidiz, was serologically distinct from other spiroplasma species, groups, and subgroups. Cells of strain CN-ST were shown by light microscopy to be helical, motile filaments. Cells in early passages exhibited strong translational motility that tended to be lost in later passages. Electron microscopy showed that the cells were bounded by a single cytoplasmic membrane with no evidence of a cell wall. The organism was not susceptible to penicillin. Strain CN-ST grew well in SM-1, MlD, and SP-4 liquid media and on solid SP-4 medium under aerobic or anaerobic conditions. The doubling time at 30"C, the optimum temperature, was 4.3 h. The strain also grew in 1% serum fraction medium. Strain CN-ST produced acid from glucose and catabolized arginine, but did not hydrolyze urea. The guanine-plus-cytosine content of the DNA was 29 f 1 mol%. The genome size was 1,770 kb (1,186 MDa). Other uncloned isolates obtained from C. nitida or the cetoniine hermit flower beetle Osmoderma eremicola exhibited similar or identical serological patterns. Since no other hosts were discovered in extensive studies, strain CN-ST (previously designated group IX) appears to represent a cluster of relatively host-specific cetoniine beetle-associated strains. Strain CN-5 (= ATCC 33827) is designated the type strain of a new species, Spiroplasma clarkii.
Some insect species are known for their occurrence at high densities. One of these is the green June beetle, Cotinus nitida, which has been swept by the bushel from the steps of the White House in Washington, D.C. (11) . Residents of the Washington, D.C., metropolitan area are familiar with this beetle species, which appears at lights, with loud whirring of wings, on warm evenings in late May or June.
In 1981, T. B. Clark observed these beetles flying over lawns in Beltsville, Md., and at his home in Bowie, Md., where he collected larvae (8) as they consumed dog food on his patio. Clark, as always, curious about the microbial flora of insects, collected a number of adults and larvae and found the guts of many to be infected with spiroplasmas (8) . Spiroplasmas did not appear to inhabit other scarabaeid beetles (e.g., the Japanese beetle [Popillia japonica]). Clark found that the green June beetle spiroplasmas were transmitted between beetle life stages (7, 8, 17) . The organisms proved to be readily cultivable and in early passages exhibited strong translational motility, which tended to be lost with successive passages in vitro. Despite this loss of motility, the classical helicity of the organisms was retained throu h extended passages, so that the representative strain, CN-5 (T = type strain), is arnong the most perfectly helical spiroplasmas in culture. Because of its morphological interest and its amenability to laboratory studies, Clark regarded this spiroplasma, classified as group IX (25) , as his favorite until his untimely death in 1984.
We report here experimental fulfillment of the proposed steps for designation of a new spiroplasma species and are pleased to name this organism Spiroplasma clarkii for its discoverer.
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MATERIALS AND METHODS
Spiroplasma strains. The techniques used for isolation of spiroplasmas from insects have been described previously (20) . Strain CN-ST was isolated and cultivated by T. B. Clark in 1981 from a triturated suspension of the gut contents of a larval green June beetle (C. nitida). Some of the genomic (4) and serologic (16, 25, 29) features of the organism were reported earlier. Strains OE-1 and OE-2 were isolated by T. B. Clark and R. B. Henegar from the guts of adult hermit flower beetles (Osmodema eremicola) in 1984 and 1985 (17, 31) .
Strain CN-ST was purified by standard filtration cloning techniques (22) . Representative strains of the 24 recognized groups (16, 25) and eight subgroups of spiroplasmas, including type strains of recognized species (25, 31) , were used for serologic tests.
Culture media and cultivation techniques. Strains CN-ST, OE-1, and OE-2 were grown in primary cultures in SM-1 liquid medium (28) at 30°C. After several passages, the isolates were lyophilized. For characterization, the cultures were revived and passaged several times at 30°C before cloning. Following cloning, strain CN-ST was selected as a representative and was used in subsequent characterization studies. Other culture media used included MlD medium (28), SP-4 medium (28), a conventional mycoplasma medium containing horse serum (12) , and serum fraction broth containing 1% bovine serum fraction (24) . Solid formulations of these media were prepared by adding Noble agar (Difco Laboratories, Detroit, Mich.) to final concentrations of 0.8 to 2.25%. Cultures on solid media were incubated at 30"C, either aerobically with or without supplemental carbon dioxide (GasPak system [BBL Microbiology Systems, Cock- Temperature requirements for growth were assessed by inoculating strain CN-ST into M1D broth. The inoculated cultures were incubated at 5, 10, 15, 20, 25, 30, 32, 37, and 41°C. Growth was assessed by observing medium indicator change and by microscopic examination of the cultures. ]Doubling times at each temperature were determined by recording the number of days required for acidification of the growth medium and fitting the data to a logistic growth equation (19) .
Morphological studies. Cells of strain CN-ST from logarithmic-phase cultures were examined by dark-field microscopy (magnification, x 1,250). For electron microscopy, pelleted cells from 20 ml of a culture were fixed for 2 h in 3% glutaraldehyde, postfixed in 1% osmium tetroxide for 1 h, dehydrated in acetone, and embedded in Epon. They were ithen sectioned and stained with 1% aqueous uranyl acetate and Reynold's lead citrate.
Sterol requirements. Sterol requirements for growth were determined by a standard broth culture method (23) .
Tests for biological and biochemical properties. Carbohydrate fermentation (l), arginine and urea hydrolysis (l), lhemadsorption (14) , and film and spot reactions (13) were (assessed as described earlier. Filtration of logarithmic-phase cultures in M1D broth through pores of different sizes was assessed by techniques reported previously 22 . in rabbits as previously described (33) . Antisera to all established Spiroplasma species and groups obtained from reference collections at the Beltsville Agricultural Research Center and the National Institute of Allergy and Infectious Diseases laboratory in Frederick, Md., were used for comparative tests. These reference antisera and strain CN-ST .were tested in disc growth inhibition (10, 30) , metabolism inhibition (32) , and deformation tests (32) .
Serological tests. Antiserum to strain CN-5 4 )
was produced Genomic analysis. DNA from strain CN-ST was extracted and purified as previously described (2) . Independent estimates of the guanine-plus-cytosine (G+C) content of strain CN-ST DNA were obtained by buoyant density, melting temperature, and high-performance liquid chromatography techniques (3). The genome size was determined by pulsedfield gel electrophoresis as described by Grau et al. (15) .
RESULTS AND DISCUSSION
Cultural and morphological properties. Strain CN-ST grew well in liquid SM-1, MlD, and SP-4 media and on solid media prepared from these formulations. The strain also grew in the Edward formulation of conventional mycoplasma media containing horse serum and in bovine serum fraction medium. Growth of strain CN-ST was observed on horse serum agar plates incubated aerobically at 30°C or in GasPak systems with 5% carbon dioxide. Colonies of strain CN-ST (Fig. 1) were diffuse, with frequent satellite colonies; fried-egg colonies were never observed. Strain CN-ST grew at temperatures ranging from 10 to 32°C; the strain grew optimally at 30°C. The doubling times at 10, 15, 20, 25, 30, and 32°C were 42.3, 20.9, 9.2, 5.9, 4.3, and 16.7 h, respect ively .
Logarithmic-phase cultures of strain CN-ST, when examined by dark-field microscopy, showed numerous long, helical, motile filaments with six or more turns. Deformed helices were rarely noted. Cells in early passages exhibited strong translational motility. In later passages, this translational motility tended to be lost, although flexional motility was retained. Electron microscopic examinations of cultures revealed filamentous cells delimited by a single membrane (Fig. 2) , with no evidence of a cell wall.
Sterol requirement. Strain CN-ST failed to grow in SP-4 base broth alone but did grow when 1 to 20 pg of cholesterol per ml was included ( shown) were observed when the medium was supplemented with fetal bovine serum to achieve a final concentration of 1 to 17%.
Biochemical and biological properties. Strain CN-ST fermented glucose with production of acid and catabolized arginine, but urea hydrolysis was not observed. Strain CN-ST produced the film and spot reaction, but colonies of the organism on an agar medium did not hemadsorb guinea ' IG, insufficient growth for detection.
pig erythrocytes. Passage of broth cultures of strain CN-ST through 450-or 300-nm-pore-size membrane filters did not reduce the viable-cell titer (10' color-changing units per ml). The titer of a broth culture filtrate obtained after passage through a 220-nm-pore-size membrane filter was reduced 10-fold (to 10' color-changing units per ml); the 100-nm-poresize membrane filtrate was free of viable cells. Serological tests. Growth inhibition, metabolism inhibition, and spiroplasma deformation tests demonstrated (16, 25) that strain CN-ST is serologically unrelated to other spiroplasma groups.
Genomic analysis. The base composition (G+C content) of the DNA of CN-ST was about 29.0 5 1 mol%, as determined by buoyant density, melting temperature, and high-pressure liquid chromatography methods. The genome size as determined by pulsed-field gel electrophoresis was 1,770 kb (1,186 PvlDa).
Habitat. Strain CN-ST and other similar uncloned isolates (3N-12, CN-13, and CN-14 from C. nitida and OE-1 and OE-2 from 0. eremicola) were obtained from the guts of scarabaeid beetles. Since extensive studies of other insect taxa failed to reveal other hosts, it is likely that the host range of strain CN-ST and its allies is limited and may be confined to beetles, perhaps even cetoniine beetles. A similarly specific host relationship appears to occur with a fastidious spiroplasma that inhabits the gut of the Colorado potato beetle (17) . The ecological interactions of strain CN-ST and its allies were studied in some detail by Clark and his associates (8, 117) . The organism could be isolated from larvae and adults of the green June beetle, C. nitida. Isolation of strains of this cluster from soil in which host larvae had fed suggests that larva-to-larva transmission occurs in the soil. The organism appeared to be relatively host specific, since it did not become established in three other beetle species when it was administered per 0s. Presence of the spiroplasma in beetle populations appears to be densi% dependent.
The properties of strain CN-5 described here fulfill the proposed criteria (18) for species of the class Mollicutes. Properties mandating assignment to this class include absence of a cell wall, filterability, and penicillin resistance. The requirement of strain CN-ST for sterol, its inability to utilize urea, and its helicity and motility place this strain in the family Spiroplasmataceae (21, 26) . Molecular phylogeiietic studies have placed the strain in a cluster of relatively fast-growing, insect-associated Spiroplasma species (27) . Previously published serologic comparisons of strain CN-ST with representatives of other Spiroplasma species and (CN-1, CN-2, CN-3, CN-7, CN-8, CN-9, CN-10, CN-11, groups, together with the results described here, establish the position of CN-ST and its allies as a distinct Spiroplasma species. Accordingly, we propose the name Spiroplasma clarkii for this organism. This name honors Truman B. Clark, whose extensive studies on spiroplasma ecologyincluding discovery of spiroplasmas in nectar-feeding insects (5, 9), on flower surfaces where the insects foraged (6) , and in chewing insects (7)-opened the door to an understanding of the main reservoirs of spiroplasmas in nature.
Spiroplusma clurkii sp. nov. Spiroplasma clarkii (clar' ki. i. L. gen. n. clarkii, of Clark, in honor of T. B. Clark, pioneer spiroplasma ecologist). Cells are filamentous, helical, and about 150 nm in diameter and lack true cell walls. Translational motility in early passages tends to be lost in subsequent passages. Colonies on solid medium supplemented with 0.8% Noble agar are diffuse, without fried-egg morphologyChemoorganotroph. Acid produced from glucose. Catabolizes arginine but does not hydrolyze urea.
Film and spot reaction positive. Does not hemadsorb guinea pig erythrocytes.
Sterol requirement met by cholesterol or serum. Temperature range, 10 to 32°C; optimum temperature, 30°C, with a doubling time of 4.3 h.
Serologically distinct from other established Spiroplasma species and from all described Spiroplasma groups.
Isolated from the gut of a larval scarabaeid beetle (C. nitida). Pathogenicity for insects not determined.
The G+C content of the DNA is 29 2 1 mol%, as determined by buoyant density, melting temperature, and high-performance liquid chromatography methods. The genome size is 1,770 kb (1,186 MDa).
The type strain is CN-5 (= ATCC 33827).
